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Background: The systemic immune-inflammation index (SII), an integrative biomarker reflecting inflammatory and immune status, 
has been implicated in metabolic disorders. However, its association with gestational diabetes mellitus (GDM) remains unclear. This 
study aimed to investigate whether elevated SII is associated with an increased risk of GDM.
Objective: We aimed to clarify whether systemic SII is related to the occurrence of GDM and the relationship between changes in SII 
and adverse pregnancy outcomes associated with GDM.
Methods: This study analyzed 47,480 singleton pregnancies between 2018 and 2024, including 6599 GDM cases and 40,881 controls. 
SII was calculated before 24 weeks of gestation, and participants were categorized by SII quartiles. Multivariable logistic regression 
was used to assess associations between SII and GDM (primary outcome), insulin-requiring GDM (A2), preeclampsia, and large-for- 
gestational-age infants. In addition, interaction tests and smooth curve fitting methods were adopted to explore the relationship 
between SII and gestational diabetes mellitus (GDM) and related adverse pregnancy outcomes.
Results: After adjustment, higher SII quartiles showed a dose-dependent increase in GDM risk: Q2 (aOR = 1.19, 95% CI: 1.08–1.30), 
Q3 (aOR = 1.26, 1.15–1.38), Q4 (aOR = 1.56, 1.43–1.71; P < 0.0001). Stronger associations were observed for GDM A2 and GDM 
with preeclampsia. The association with LGA was weaker and only significant in Q3. Subgroup analyses revealed consistent 
associations across age and BMI, though the effect was marginally stronger in multiparous women (interaction P=0.0213<0.05). No 
significant interactions were found for BMI or age.
Conclusion: Elevated SII in early pregnancy is independently associated with an increased risk of GDM, supporting its potential 
utility as an early predictive marker for GDM screening.
Keywords: systemic immune-inflammation index, gestational diabetes mellitus, insulin resistance, retrospective studies

Introduction
Gestational diabetes mellitus (GDM) is one of the most common metabolic complications of pregnancy, affecting 5–20% 
of pregnancies worldwide, with significant variations across ethnicities and diagnostic criteria.1–3 It is characterized by 
glucose intolerance first recognized during pregnancy and is associated with adverse maternal and fetal outcomes, 
including preeclampsia, cesarean delivery, macrosomia, neonatal hypoglycemia, and long-term risks of type 2 diabetes 
for both mother and offspring.4–7 Globally, increasing maternal age and rising obesity rates among pregnant women have 
been observed in many countries. Such as in China, where family planning policies have evolved and living standards 
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have improved, there has been a notable increase in maternal age and obesity rates among pregnant women. This 
worldwide trend makes the early identification of high-risk women crucial for timely intervention.8,9 The pathophysiol
ogy of GDM involves insulin resistance exacerbated by placental hormones, but growing evidence suggests that chronic 
low-grade inflammation plays a key role.10–12 During normal pregnancy, a controlled inflammatory response supports 
placental development; however, excessive activation of pro-inflammatory cytokines (eg, TNF-α, IL-6)13,14 and immune 
cells may contribute to β-cell dysfunction and insulin resistance.10,15,16 Recent studies highlight the involvement of 
neutrophils, lymphocytes, and platelets in this inflammatory cascade, yet a reliable, easily measurable biomarker to assess 
systemic inflammation in early pregnancy remains elusive.17–19

The Systemic Immune Inflammation Index (SII) is a complex biomarker that integrates three key immune cell types 
to assess the systemic inflammatory status.17,18,20 The SII is a composite index calculated based on complete blood count 
parameters using the formula: SII = platelet count × neutrophil count / lymphocyte count. In 2014, Hu et al21 initially 
proposed SII as an oncology prognostic tool.20,22,23 SII has demonstrated its clinical value beyond oncology. Through its 
unique ability to simultaneously assess inflammatory and thrombotic activities, it has shown predictive potential for 
cardiovascular and metabolic diseases.24,25 In obstetric studies, elevated SII levels are associated with adverse pregnancy 
outcomes including preterm birth and preeclampsia.26–28 However, its relationship with GDM remains controversial. It is 
worth noting that a recent retrospective study29 and a prospective cohort study30 both showed no significant correlation 
between SII levels and the development of GDM, suggesting that this potential relationship may need to be verified 
through larger-scale population studies. At present, most studies have focused on the research of SII levels in the middle 
and late stages of pregnancy (after 20 weeks of gestation), while the SII levels in the early stage of pregnancy have still 
not been fully studied17,31. Moreover, the existing GDM screening completely relies on the oral glucose tolerance test 
(OGTT) conducted at 24–28 weeks of gestation,32,33 resulting in the unmet demand for early risk stratification tools. 
Although inflammatory markers such as C-reactive protein (CRP) and white blood cell count have been studied for 
predicting GDM, their clinical application specificity is insufficient.34–36 The SII, as a comprehensive index, may offer 
superior predictive value by reflecting broader immune dysregulation. This study aims to fill these evidence gaps and 
further clarify the role of SII in the pathogenesis of GDM.

This study conducted a retrospective studies using this large-scale, multicenter clinical data to explore the relationship 
between the risk of SII and GDM in the early stage of pregnancy. After adjusting for relevant confounding factors, 
multivariate logistic regression analysis was used to evaluate the efficacy of SII in predicting the risk of GDM. 
Furthermore, after stratifying age, BMI and parity, we conducted subgroup analyses to evaluate whether these variables 
changed the association between SII and GDM. Furthermore, we employed interaction analyses and nonparametric 
smoothing techniques to comprehensively examine the association between SII and GDM risk, along with its potential 
impact on pregnancy complications. This study provides a new perspective for GDM prediction by utilizing the SII— 
measured before the 24th week of gestation—as a continuous and categorical variable to evaluate its relationship with 
GDM, an approach that differs from prior studies. Meanwhile, our research results may provide clinicians with a practical 
inflammatory marker in the early stage of pregnancy to identify high-risk women, thereby enabling timely intervention, 
such as strengthening blood glucose monitoring, changing lifestyles or adopting anti-inflammatory strategies, to alleviate 
GDM and its related complications. Furthermore, our research demonstrates that SII levels in early to mid-pregnancy can 
predict the later development of GDM. This identifies a crucial early time window for risk stratification and intervention, 
addressing the gap of lacking effective inflammatory markers for early prediction in pregnancy.

Materials and Methods
Design and Participants
This study adopted a multicenter retrospective cohort design, enrolling pregnant women who underwent prenatal 
examinations and participated in the cohort study at the Obstetrics and Gynecology Hospital of Fudan University, 
Wuxi Maternal and Child Health Hospital, and Chenzhou First People’s Hospital between February 2018 and April 2024. 
The inclusion criteria for pregnant women in this study are as follows: (1) singleton pregnancy; (2) maternal age ≥18 
years; (3) no pre-existing diabetes and fasting blood glucose (FBG) <7 mmol/L at the first prenatal visit; (4) the 
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gestational weeks of the pregnancies we included were 11.59 ± 3.98; (5) no history of cold or fever during early 
pregnancy; (6) no underlying diseases, such as hypertension, immune system disorders, or urinary system diseases; (7) no 
infectious diseases; (8) no use of medications affecting blood, liver function, or lipid levels before or during early 
pregnancy. Participants will be excluded if they have the following situations: (1) A history of diabetes (Type 1 or 
Type 2); (2) has a history of GDM in the past; (3) chronic inflammatory diseases (eg, rheumatoid arthritis, inflammatory 
bowel disease); (4) current use of corticosteroids or immunosuppressants; (5) multiple pregnancies; (6) with known 
chronic viral hepatitis (including Hepatitis B and C); 7) fetal developmental abnormalities detected at registration; (8) not 
sign broad informed consent.

Data Collection
Blood samples for the complete blood count (CBC), which was used to calculate the SII, were obtained during the 
routine first-trimester prenatal visit. As this visit included the measurement of fasting blood glucose and lipid levels, all 
samples were collected in the morning after a mandated fast of at least 8 hours. Fasting compliance was verbally 
confirmed by healthcare staff prior to venipuncture, ensuring standardized conditions across all participants.

Variables and Measurements
At the time of enrollment, the characteristics of the participants and pregnancy-related risk factors were obtained by 
completing the questionnaire survey. The questionnaires included the following information: demographic data (such as 
age and parity); anthropometric measurements such as pre-pregnancy body mass index (BMI), BMI was calculated by 
dividing weight in kilograms by the square of height in meters; conception through in vitro fertilization (IVF); medical 
history such as family history of diabetes, previous history of GDM, smoking and alcohol consumption history; 
measurement timing (eg, at first prenatal visit or before 24 weeks of gestation); pregnancy complications as preeclamp
sia; delivery outcomes such as large for gestational age (LGA).

Inflammatory Indicators and GDM
The calculation formula of the SII: SII = (platelet count × neutrophil count) / lymphocyte count, derived from complete 
blood count (CBC). Other biomarkers: fasting blood glucose (FBG), total cholesterol, triglycerides.

The diagnostic criteria for GDM are based on the International Association of Research Groups on Diabetes and 
Pregnancy (IADPSG):33 75-g oral glucose tolerance test (OGTT) at 24–28 weeks. Thresholds: fasting: ≥92 mg/dL 
(5.1 mmol/L), 1-hour: ≥180 mg/dL (10.0 mmol/L), 2-hour: ≥153 mg/dL (8.5 mmol/L).

Statistical Analysis
Statistical analyses were performed using IBM SPSS (version 21.0) and the R statistical package (Version 3.4.3). The 
baseline characteristics of the study participants were described and stratified according to quartiles (Q1–Q4) of the SII. 
Continuous variables with a normal distribution are presented as mean ± standard deviation (SD), and comparisons 
across SII quartiles were made using one-way analysis of variance (ANOVA). Categorical variables are summarized as 
numbers and percentages, and comparisons were made using the chi-square test. To assess the independent association 
between SII and GDM, we constructed multivariable logistic regression models. SII was analyzed both as a continuous 
variable (per unit increase) and as a categorical variable (quartiles). For subgroup analysis, GDM patients were 
categorized as GDM A1 (controlled by lifestyle modification) or GDM A2 (requiring pharmacologic therapy).37 The 
model was adjusted for potential confounders selected a priori based on clinical knowledge and previous literature. These 
included: age, parity (nulliparous vs multiparous), pre-pregnancy body mass index (BMI), gestational week at the time of 
SII measurement, fasting blood glucose level, total cholesterol level, triglyceride level, tobacco use (yes/no), alcohol 
consumption during pregnancy (yes/no), presence of polycystic ovary syndrome (PCOS, yes/no), conception by in vitro 
fertilization (IVF, yes/no), and family history of diabetes (yes/no). The results of the regression analyses are presented as 
adjusted odds ratios (ORs) with their corresponding 95% confidence intervals (CIs). The linearity assumption between 
continuous independent variables and the logit of the outcome was tested using the Box-Tidwell approach by including 
interaction terms between the variables and their natural logarithms. No significant deviations from linearity were 
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detected for any of the continuous variables. Furthermore, we conducted stratified analyses by age (<35 years vs ≥35 
years), pre-pregnancy BMI (<24 kg/m2 vs ≥24 kg/m2), and parity (primipara vs multipara) to evaluate the consistency of 
the association across different subgroups. Effect modification was formally tested by including multiplicative interaction 
terms in the logistic regression models. All statistical tests were two-sided, and a p-value < 0.05 was considered 
statistically significant. This study adhered to the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) and the REporting of studies Conducted using Observational Routinely-collected Data 
(RECORD) guidelines.38,39

Results
General Characteristics of the Study Population
The baseline characteristics of the study population stratified by systemic SII quartiles are present in Table 1. After 
excluding participants with incomplete prenatal records, threatened late miscarriage, twin pregnancies, pregestational 

Table 1 Baseline Characteristic

Characteristic SII Q1 
n=11870

SII Q2 
n=11869

SII Q3 
n=11871

SII Q4 
n=11870

p

Age (years) 31.08 ± 4.00 31.17 ± 4.06 31.28 ± 4.10 31.54 ± 4.32 <0.001
BMI (kg/m2) 21.04 ± 2.81 21.46 ± 3.00 21.69 ± 3.14 21.98 ± 3.32 <0.001

SII Test week (weeks) 11.14 ± 3.81 11.41 ± 3.81 11.71 ± 3.98 12.04 ± 4.14 <0.001

SII 519.69 ± 95.91 744.31 ± 54.40 949.33 ± 68.67 1346.42± 223.70 <0.001
Platelet 202.06 ± 42.80 228.82 ± 42.58 247.07 ± 45.50 274.41 ± 52.31 <0.001

Neutrophils 66.26 ± 5.09 71.00 ± 3.87 73.82 ± 3.49 77.37 ± 3.48 <0.001

Lymphocytes 26.30 ± 4.40 21.98 ± 3.10 19.38 ± 2.80 16.21 ± 2.77 <0.001
Fasting blood glucose (mmol/L) 4.53 ± 0.43 4.51 ± 0.48 4.51 ± 0.52 4.53 ± 0.60 0.007

Total cholesterol (mmol/L) 4.46 ± 0.81 4.56 ± 0.81 4.63 ± 0.85 4.71 ± 0.86 <0.001

Triglycerides (mmol/L) 1.24 ± 0.64 1.33 ± 0.68 1.43 ± 0.73 1.53 ± 0.77 <0.001
GDM (A1+A2) <0.001

0 10593 (89.24%) 10304 (86.81%) 10190 (85.84%) 9794 (82.51%)

1 1277 (10.76%) 1565 (13.19%) 1681 (14.16%) 2076 (17.49%)
GDM A2 <0.001

0 6703 (98.11%) 6688 (97.24%) 6576 (97.18%) 6570 (96.04%)

1 129 (1.89%) 190 (2.76%) 191 (2.82%) 271 (3.96%)
GDM & PE <0.001

0 11807 (99.47%) 11757 (99.06%) 11723 (98.75%) 11670 (98.32%)

1 63 (0.53%) 112 (0.94%) 148 (1.25%) 200 (1.68%)
LGA <0.001

0 10955 (92.79%) 10868 (92.15%) 10773 (91.51%) 10747 (91.64%)

1 851 (7.21%) 926 (7.85%) 1000 (8.49%) 981 (8.36%)
Family history of DM 0.687

0 11184 (94.24%) 11221 (94.56%) 11196 (94.34%) 11185 (94.25%)

1 684 (5.76%) 646 (5.44%) 672 (5.66%) 683 (5.75%)
Tobacco 0.634

0 9894 (98.13%) 9606 (98.34%) 9284 (98.15%) 8809 (98.14%)

1 189 (1.87%) 162 (1.66%) 175 (1.85%) 167 (1.86%)
Alcohol <0.001

0 9618 (95.39%) 9379 (96.02%) 9115 (96.36%) 8665 (96.54%)

1 465 (4.61%) 389 (3.98%) 344 (3.64%) 311 (3.46%)
IVF 0.007

0 11171 (94.11%) 11200 (94.36%) 11220 (94.52%) 11102 (93.53%)

1 699 (5.89%) 669 (5.64%) 651 (5.48%) 768 (6.47%)

(Continued)
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diabetes, pregnancy complicated by urinary system diseases, pregnancy complicated by cardiovascular system diseases, 
and those with SII measured after 24 weeks of gestation, a total of 47,480 pregnant women met the inclusion and 
exclusion criteria and were enrolled in this study with nearly equal distribution across four SII quartiles (Q1-Q4). Since 
there is currently no globally unified consensus on the stratification criteria for SII, we categorized participants into four 
groups based on quartiles (Q1-Q4) of the study population’s SII distribution, referencing existing literature (eg: on tumor 
prognosis or infectious diseases). The participants were equally divided into four groups: low SII (Q1, <648.88), 
moderate-low SII (Q2, 648.88–838.33), moderate SII (Q3, 838.33–1079.54), high SII (Q4, >1079.54). As expected by 
design, significant differences were observed across quartiles for most measured parameters (all p<0.001 unless 
otherwise specified). The baseline characteristics across these groups are presented in Table 1, a total of 47,280 
participants were included in the final analysis and were categorized into four groups based on SII quartiles (Q1-Q4), 
with nearly identical sample sizes (Q1: n=11,870; Q2: n=11,869; Q3: n=11,871; Q4: n=11,870). In pregnancy outcomes, 
all measured outcomes exhibited significant quartile dependent trends, GDM prevalence increased from 10.76% to 
17.49%, GDM (A2) nearly doubled from 1.89% to 3.96%. GDM with PE tripled from 0.53% to 1.68%, LGA increased 
from 7.21% to 8.36%. The higher the SII value is, the higher the risk of occurrence of GDM, GDM&PE and LGA. These 
findings demonstrate that elevated SII quartiles are associated with distinct metabolic and inflammatory profiles early in 
pregnancy, along with progressively worse pregnancy outcomes. The consistent gradients across multiple parameters 
support the biological plausibility of SII as an integrative marker of metabolic-inflammatory dysregulation.

Baseline Participant Characteristics Based on the Quartiles of SII
After adjusting for confounding factors, such as age, parity, body mass index, test week of SII, fasting blood glucose, 
total serum cholesterol, tobacco, alcohol, PCOS, IVF, Triglycerides, family history of DM, the association between SII 
quartiles and pregnancy outcomes is presented in Table 2. For the primary outcome of GDM, including both diet- 
controlled (A1) and medication-requiring (A2) cases, we observed a significant dose-response relationship with increas
ing SII quartiles. Compared to the lowest quartile (Q1, reference), women in Q4 had the highest risk (17.49% vs 10.76% 
in Q1), with an adjusted odds ratio (aOR) of 1.56 (95% CI: 1.43–1.71, p<0.0001). The intermediate quartiles Q2 and Q3 
showed progressively increasing risks (aOR respectively 1.19 and 1.26, both p<0.001). For secondary outcomes: GDM 
(A2) demonstrated particularly strong associations, with Q4 showing a 66% increased risk (aOR 1.66, 95% CI: 
1.31–2.11) compared to Q1. The trend across quartiles was statistically significant (p<0.0001). The composite outcome 
of GDM with preeclampsia showed the most pronounced associations, with Q4 women having 2.61-fold higher risk 
(95% CI: 1.61–4.25) than Q1. Obviously, the adjusted risk estimates exceeded the unadjusted estimates in Q3 (aOR 2.82 
vs crude OR 2.37). For LGA, the associations were more modest but still significant in Q3 (aOR 1.16, 95% CI: 
1.05–1.29, p=0.0034). However, the highest quartile (Q4) did not maintain statistical significance after adjustment (aOR 
1.09, p=0.1065). Furthermore, the dose-response relationship between SII and the risk of GDM was obtained through 

Table 1 (Continued). 

Characteristic SII Q1 
n=11870

SII Q2 
n=11869

SII Q3 
n=11871

SII Q4 
n=11870

p

Parity 0.500
0 8390 (72.00%) 8282 (71.24%) 8277 (71.31%) 8264 (71.23%)

1 3263 (28.00%) 3344 (28.76%) 3330 (28.69%) 3338 (28.77%)

PCOS 0.109
0 11703 (98.59%) 11710 (98.66%) 11691 (98.48%) 11668 (98.30%)

1 167 (1.41%) 159 (1.34%) 180 (1.52%) 202 (1.70%)

Notes: Baseline Characteristics of the Study Participants by SII Quartiles. Data are presented as mean ± standard deviation or n (%). 
P-values were derived from ANOVA for continuous variables and the chi-square test for categorical variables. GDM (A1+A2), GDM A2, 
GDM & PE, LGA, Family history of DM, PCOS: 0 = no illness, 1= illness. Tobacco, Alcohol: 0 = no, 1 = yes. Parity: 0 = nulliparous, 1 = 
multiparous.
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curve fitting. The results showed that after adjusting for confounding factors, the incidence of GDM significantly 
increased with the increase of SII (Figure 1).

Subgroup Analysis of GDM and SII
To better explore the relationship between SII and the risk of GDM occurrence, we conducted a subgroup analysis. After 
adjusting for confounding factors including age, parity, body mass index (BMI), gestational week at SII measurement, 
fasting blood glucose, serum total cholesterol, tobacco use, alcohol consumption, polycystic ovary syndrome, in vitro 
fertilization, triglycerides, and family history of diabetes, sensitivity analyses for age, BMI, and parity revealed that the 
association between SII and GDM remained largely consistent across subgroups in Table 3. As illustrated in Figure 2, 
visually depicts the stratified dose-response relationships across the analyzed subgroups.

Discussion
Main Results
Based on this retrospective birth cohort study involving 48,072 pregnant women, the research demonstrates that elevated 
SII levels during both early and mid-pregnancy are significantly associated with the development of GDM. Participants 
with increased SII in early pregnancy showed a higher risk of developing GDM during gestation. After adjusting for 
confounding factors including age, parity, BMI, gestational week at SII measurement, fasting blood glucose, serum total 
cholesterol, tobacco use, alcohol consumption, PCOS, IVF, triglycerides, and family history of diabetes, we found that 
elevated SII in early pregnancy was significantly correlated with age, BMI, GDM&preeclampsia, and large for gesta
tional age LGA. Subgroup analysis further confirmed that this association remained statistically significant. It is proved 
that SII provides independent risk factors beyond traditional risk assessment.

Table 2 Risk of Primary and Secondary Outcomes

Outcome n (%) Odds Ratio (95% CI) p Adjusted Odds Ratio (95% CI) p

Primary Outcome
GDM (A1+A2)

SII Q1 1277 (10.76%) Reference Reference

SII Q2 1565 (13.19%) 1.26 (1.16, 1.36) <0.0001 1.19 (1.08, 1.30) 0.0002
SII Q3 1681 (14.16%) 1.37 (1.27, 1.48) <0.0001 1.26 (1.15, 1.38) <0.0001

SII Q4 2076 (17.49%) 1.76 (1.63, 1.90) <0.0001 1.56 (1.43, 1.71) <0.0001

Secondary Outcomes
GDM A2

SII Q1 129 (1.89%) Reference Reference
SII Q2 190 (2.76%) 1.48 (1.18, 1.85) 0.0007 1.29 (1.00, 1.66) 0.0514

SII Q3 191 (2.82%) 1.51 (1.20, 1.89) 0.0004 1.27 (0.99, 1.64) 0.0594

SII Q4 271 (3.96%) 2.14 (1.73, 2.65) <0.0001 1.66 (1.31, 2.11) <0.0001
GDM & PE

SII Q1 63 (0.53%) Reference Reference

SII Q2 112 (0.94%) 1.79 (1.31, 2.43) 0.0002 1.79 (1.06, 3.02) 0.0052
SII Q3 148 (1.25%) 2.37 (1.76, 3.18) <0.0001 2.82 (1.73, 4.59) <0.0001

SII Q4 200 (1.68%) 3.21 (2.42, 4.27) <0.0001 2.61 (1.61, 4.25) <0.0001

LGA
SII Q1 851 (7.21%) Reference Reference

SII Q2 926 (7.85%) 1.10 (1.00, 1.21) 0.0612 1.07 (0.97, 1.19) 0.1984

SII Q3 1000 (8.49%) 1.19 (1.09, 1.31) 0.0002 1.16 (1.05, 1.29) 0.0034
SII Q4 981 (8.36%) 1.18 (1.07, 1.29) 0.0009 1.09 (0.98, 1.21) 0.1065

Notes: Adjusted for age, parity, body mass index, test week of SII, fasting blood glucose, total serum cholesterol, tobacco, alcohol, PCOS, IVF, 
triglycerides, family history of DM.
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Comparison with Findings of Previous Studies
The association between elevated SII and GDM observed in this study adds to the growing body of evidence linking 
systemic inflammation to GDM pathogenesis. Our results are consistent with those of previous studies, suggesting that 
the increase in the activation of circulating immune inflammatory cells may be related to glucose metabolism disorders in 
pregnant women.10,12,17,36,40 For example, in the research of Ye et al, their study, which evaluated inflammatory indices 
during the early-to-middle pregnancy period, compared with healthy women, pregnant women with GDM show 
significantly higher blood cell parameters, such as WBC (aOR 2.38, 95% CI 1.76–3.20), neut (aOR 2.47, 95% CI 
1.82–3.36), lymph (aOR 1.40, 95% CI 1.06–1.85) or mono (aOR 1.69, 95% CI 1.27–2.24), in the early or middle stages 
of pregnancy.36 Xie et al17 found that the systemic inflammatory response index (SIRI) is a potential independent risk 

Figure 1 The dose-effect relationship between SII and the risk of GDM onset. (A) The overall relationship between SII and the risk of GDM based on the quartiles of SII. 
Age, parity, body mass index, test week of SII, fasting blood glucose, total serum cholesterol, tobacco, alcohol, PCOS, IVF, Triglycerides, family history of DM were adjusted. 
(B) The relationship between SII and GDM. Note: The dotted line represents the fitting curve of SII and GDM, and the red line represents the 95% confidence interval of the 
curve.
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factor for the onset of GDM, ror the Q2 through Q4, the ORs (95% CIs) were 1.24 (1.12–1.38), 1.41 (1.27–1.57), and 
1.64 (1.48–1.82), respectively. Furthermore, although our research results widely support the inflammation-GDM 
hypothesis, the differences from some negative studies are worth discussing. A recent retrospective studies showed 
that there was no significant association between SII and the risk of GDM occurrence.29 In all three adjusted models 
(Model 1 to Model 3), the four quartiles (Q1-Q4) of SII showed no statistically significant association with GDM risk (all 
P > 0.05), such as Model 3 (Fully adjusted model, Q4 aORs 0.90, 95% CI 0.78–1.03). Another prospective cohort study 
conducted on pregnant women in Iran also supports this view,30 their research results indicate that SII has no significant 
association with the development of GDM (RR = 3.7, 95% CI:1.5–8.8). The observed discrepancies with prior studies 
may stem from racial variations in immune responses and baseline inflammatory levels. Notably, our Asian cohort 
demonstrated higher GDM susceptibility at lower BMI thresholds, suggesting ethnic differences in metabolic- 
inflammatory interactions.41 Importantly, unlike previous models limited to age, parity and BMI adjustments, our 
analysis incorporated key confounders including fasting blood glucose, total serum cholesterol, tobacco, alcohol, 
PCOS, IVF, triglycerides, family history of diabetes, thereby minimizing residual confounding.

Possible Underlying Mechanisms
We observed that the association between elevated SII and GDM likely arises through multiple interrelated biological 
pathways linking chronic low-grade inflammation with impaired glucose metabolism. The following interconnected 
mechanisms may underlie this relationship. First, chronic low-grade inflammation drives insulin resistance (IR), the core 
pathological feature of GDM.12,17 The SII—which integrates neutrophils, lymphocytes, and platelets—serves as a marker 

Table 3 Subgroup Analysis of GDM and SII

GDM n (%) Odds Ratio 
(95% CI)

p p-value for 
Interaction

Adjust Odds Ratio 
(95% CI)

p p-value for 
Interaction

Age

<35 0.1895 0.0566

SII Q1 929 (9.39%) Reference Reference

SII Q2 1113 (11.31%) 1.23 (1.12, 1.35) <0.0001 1.13 (1.02, 1.26) 0.0231

SII Q3 1222 (12.59%) 1.39 (1.27, 1.52) <0.0001 1.28 (1.15, 1.43) <0.0001

SII Q4 1410 (15.00%) 1.70 (1.56, 1.86) <0.0001 1.55 (1.40, 1.73) <0.0001

≥35

SII Q1 348 (17.60%) Reference Reference

SII Q2 452 (22.33%) 1.35 (1.15, 1.57) 0.0002 1.38 (1.15, 1.67) 0.0006

SII Q3 459 (21.21%) 1.26 (1.08, 1.47) 0.0035 1.19 (0.99, 1.44) 0.0686

SII Q4 665 (26.93%) 1.73 (1.49, 2.00) <0.0001 1.60 (1.34, 1.92) <0.0001

BMI

<24 0.1281 0.1164

SII Q1 917 (9.13%) Reference Reference

SII Q2 1053 (11.03%) 1.23 (1.12, 1.35) <0.0001 1.21 (1.09, 1.34) 0.0004

SII Q3 1019 (11.11%) 1.24 (1.13, 1.37) <0.0001 1.20 (1.08, 1.33) 0.0009

SII Q4 1228 (14.06%) 1.63 (1.49, 1.78) <0.0001 1.57 (1.42, 1.75) <0.0001

≥24

SII Q1 316 (20.79%) Reference Reference

SII Q2 443 (22.69%) 1.12 (0.95, 1.32) 0.1779 1.11 (0.91, 1.36) 0.1145

SII Q3 585 (25.76%) 1.32 (1.13, 1.54) 0.0004 1.40 (1.16, 1.70) 0.0001

SII Q4 710 (27.76%) 1.46 (1.26, 1.70) <0.0001 1.53 (1.27, 1.85) <0.0001

Parity

0 0.1666 0.0213

SII Q1 863 (10.29%) Reference Reference

SII Q2 991 (11.97%) 1.19 (1.08, 1.31) 0.0006 1.09 (0.98, 1.22) 0.1222

Notes: Ajusted for age, parity, body mass index, test week of SII, fasting blood glucose, total serum cholesterol, tobacco, alcohol, PCOS, IVF, triglycerides, family history of 
DM.
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of systemic immune activation and inflammatory burden. Pro-inflammatory cytokines such as tumor necrosis factor- 
alpha (TNF-α) and interleukin-6 (IL-6) disrupt insulin signaling by promoting serine phosphorylation of insulin receptor 
substrate-1 (IRS-1), thereby impairing glucose uptake in insulin-sensitive tissues including skeletal muscle and adipose 
tissue. This inflammatory interference with insulin action results in hyperglycemia and contributes to GDM pathogenesis. 
Second, immune cell imbalance exacerbates metabolic dysfunction. Such as white blood cells (WBCs), particularly 
neutrophils and monocytes, play key roles in inflammation-mediated IR through the secretion of pro-inflammatory 
factors.12,42 Additionally, lymphocytes, which regulate adaptive immunity, may demonstrate an altered Th1/Th2 balance 
in GDM, further perpetuating a pro-inflammatory state. The SII combined measurement of these immune components 
provides a more robust assessment of inflammation-related metabolic disruption than individual cell counts alone.40 

Third, platelet activation and vascular dysfunction contribute to disease progression. Beyond their coagulation functions, 
platelets act as inflammatory mediators. Inflammation-induced vascular injury promotes platelet activation and aggrega
tion, leading to endothelial dysfunction and microvascular impairment.43 Given the critical role of vascular health in 
insulin-mediated glucose delivery, platelet-driven inflammation may exacerbate IR. The incorporation of platelet counts 

Figure 2 Stratified fitting curves among different subgroups. The results of the subgroup analyses were adjusted for age (A), BMI (B), and parity (C).
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in the SII enhances its ability to reflect this thrombotic-inflammatory axis in GDM development.44 Finally, obesity and 
other risk factors interact with inflammatory pathways. Adipose tissue, especially visceral fat, secretes pro-inflammatory 
adipokines (eg TNF-α, IL-6, leptin) while reducing anti-inflammatory adiponectin, creating an inflammatory milieu that 
worsens insulin sensitivity.5,14,30,31 Advanced maternal age correlates with increased baseline inflammation and declining 
metabolic efficiency, potentially explaining the higher SII levels and GDM susceptibility observed in older pregnant 
women. Multiparity may induce a “metabolic memory effect” where repeated pregnancies cause cumulative β-cell stress 
and persistent subclinical inflammation, predisposing women to glucose intolerance in subsequent pregnancies. Notably, 
our study found that SII remained significantly associated with GDM even after BMI adjustment, suggesting inflamma
tion contributes to GDM risk both independently and synergistically with obesity.

The SII emerges as a comprehensive biomarker that captures multiple pathological processes—innate immune 
activation, platelet-mediated vascular dysfunction, adipose tissue inflammation, and metabolic dysregulation—that 
collectively promote GDM. Our findings suggest that early-pregnancy SII assessment could enhance GDM risk 
stratification and highlight potential avenues for anti-inflammatory interventions in high-risk populations. Future research 
should investigate whether modulation of these inflammatory pathways can prevent or mitigate GDM onset.

Clinical Implications
Our findings carry significant clinical implications, as the SII offers practical advantages for early pregnancy risk 
assessment. Derived from routine complete blood count parameters, SII provides a cost-effective screening tool without 
requiring additional testing, enabling timely identification of high-risk women before conventional GDM diagnosis at 
24–28 weeks. Its quantitative nature may further refine risk stratification and guide personalized prevention strategies. 
The study’s strengths—including its large multicenter retrospective cohort design, standardized GDM diagnosis 
(IADPSG criteria)33 and comprehensive adjustment for confounders—enhance the validity of these findings. Moving 
forward, critical questions remain, such as whether anti-inflammatory interventions (eg dietary modifications, exercise) in 
women with elevated first-trimester SII can reduce GDM incidence.26,35,45 Additionally, future research should explore 
the longitudinal dynamics of SII throughout pregnancy, its relationship with postpartum metabolic outcomes, and the 
mechanistic pathways linking SII components to pancreatic β-cell dysfunction and insulin resistance in pregnancy.17,29,31 

These investigations could deepen our understanding of GDM pathogenesis and inform targeted therapeutic strategies.

Strengths and Limitations
Our findings are noteworthy, with the key strength being that this was a multicenter cohort study conducted in 
collaboration with three tertiary Grade-A hospitals. This population-based retrospective studies demonstrated the 
association between SII and the risk of GDM development, involving long-term follow-up of a large population. Such 
a design is optimal for evaluating the relationship between SII levels and GDM risk. Following adjustment for potential 
confounders, we also collected detailed information, including age, BMI, parity, history of GDM, and monitoring of 
blood lipids and liver enzymes, further confirming that the observed association in our study remains robust.

However, several limitations warrant consideration: First, although we adjusted for known major confounding factors, 
residual confounding by unmeasured variables (such as dietary patterns, dietary habits, trimester-specific weight gain, 
physical activity, and other potential confounders) cannot be excluded. Although we excluded patients with known 
hepatitis, universal serological screening for HBV and HCV was not performed for all participants. Therefore, we cannot 
entirely rule out the potential influence of undetected chronic hepatitis infections on SII values in some individuals, 
which may represent a potential confounding factor in our results. Second, while our study included patients from three 
medical centers, this may limit generalizability to other populations with different environmental exposures or ethnic 
groups at varying baseline risks of GDM. Although temporal sequence and biological plausibility support a potential 
causal relationship, the findings should not be considered definitive. Finally, peripheral blood inflammatory biomarkers 
may be influenced by infections, steroid therapy, or other medications, which were not systematically assessed in this 
study.
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Conclusion
This retrospective studies provides compelling evidence that an elevated systemic SII during early pregnancy is 
significantly associated with subsequent development of GDM. Our findings contribute to the growing body of evidence 
supporting the crucial role of subclinical inflammation in the pathogenesis of GDM, while introducing SII as a novel, 
clinically accessible biomarker for early risk stratification.
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